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AN IMPROVED METHOD FOR APOLLO 
PROPULSION SYSTEM DECONTAMI NATION 
Guy C. Mattson 
The Dow Chemical Company 
Midland, Michigan 
Surrnnary 
An improved, reliable method for removing residual 
hypergolic propellants from Apollo propulsion sys-
tems is described . 
Vapor phase decontamination provides improved 
efficiency with lower residual contaminant levels , 
and requir es less time and solvents than liquid 
flushing . The development and evaluation of this 
new method is discussed. 
Int roduction 
This study was performed b y The Dow Chemical Company 
under contrac t to NASA Marn:: .sd Spa cec r aft Center. 
Effective decontamination of the Apollo propulsion 
system containing nitrogen tetroxide as the oxidizer 
and a hydrazine mixture as the fuel is necessary for 
at least two important reasons: to eliminate the 
possibility of personnel exposure to toxic vapors 
when systems or components are being disassembled 
for inspection or maintenance , and to prepare a 
system fo r storage. 
Numerous methods have been used to decontaminate 
assembled systems and component s . At one time, the 
Tri-Flush method was popular . This method was based 
upon flushing with water so l utions of a neutralizing 
agent followed by flushing with large volumes o f 
organic solvents to complete the decontamination and 
remove the water. This procedure had several unde-
sirab l e characteristics: (1) possible formation of 
salts in crevices from the reaction of the neutral-
ize r s with the propellants , (2) the requirement of 
large quantit i es of three flushing fluids in the 
launch area, ( 3) questionable effectiveness unless 
extens ive f lushings have been made, and (4) the 
possible forma tion of nitric acid . About the time 
The Dow Chemical Company was awarded this contract , 
the Tr i - Flush cleaning method was abandoned in favor 
o f the s ingle-flush method, which did not have the 
ob j ectionable features. This single-flush method 
used methanol for the fuel side and a fluorocarbon 
for the oxidizer side as the flushing solvents at 
amb ient temperature. Recently, the use of methanol 
on the fuel side has been abandoned because of its 
possible detrimental effects upon titanium . 
Objectives 
The ob j ectiv e of this study was the development of a 
reliable , rapid decontamination method not involving 
large quantities of materials or complex equipment , 
with certain r es tr ictions upon the choice of solvents. 
The use of a queou s solv ent systems was considered 
undesirable because o f t he slow rate of drying and the 
danger of forming high local concentrations of nitric 
acid in crevices and capillaries of the oxidizer system. 
The solvents used must not react with the highly reactive 
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propellants and the materials of const ruc t i on, 
be relatively non- tox ic , economica l a nd s u f fi -
ciently volatile for easy remov a l from the 
system . 
Study Plan 
The study program was set up in two phases-- the 
first concerned laboratory scale d evelopment of 
candidate procedures and methods ; the second con-
sisted of the evaluation of t h ese techniques on a 
sub-scale test unit. 
Phase I included the identifica tion and ex amina -
tion of critical problems in the d econtamination 
process ; studies of t he c ompatibility of candi-
date solvents with s yst em ma t eria ls and propel-
lants ; determination of t h e re lative eff i cienc ies 
of these solvents ; investigation of the effects of 
such factors as temperature and pressure within 
the limits of the system, i.e., temperatures to 
93°c (200°F) and pressures from 1 to 160 PSIG ; and 
consideration of various solvent reclamation 
methods . 
Phase II consisted of the design , construc tion and 
operation of a test unit for the evaluation of can-
didate decontamination procedures . This test u nit 
approximated the Apollo service module propulsion 
system in 1/ 20 scale and was fabricated of similar 
materials . 
Results 
Phase I 
One task in this phase of t h e s t udy c oncer ned 
selection of compatible candidate solv ents . Com-
patibility with the system materials was me asured 
by standard screening tests s uch as evidence o f 
corrosion or weight loss of metal specimens and 
evidence of swelling , elongation and loss in ten-
sile strength in the case of elast ome r samples . 
Criteria for the compatibility of the s o l v ents with 
the propellants included solubility tests and ev i -
dence of reaction or formation o f an ex plosiv e 
mixture . As background here, it shou ld be rec alled 
that nitrogen tetroxide is a highly reactiv e ox i -
di z ing agent and with certain s o lvents , not ab l y 
trichlorethylene , forms a mix ture which may produce 
a high-intensity explosion. As a fi rst precaution 
in the screening of solvents for serv ice in th e 
oxidizer system, therefore, a test i n g program was 
initiated which involved adding nitrogen tet r oxide 
to the solvent and shocking the mix ture with a 
blasting cap to determine if the mixture was 
explosive . These detonation tests wer e set up i n 
an empirical manner and the results were judg e d by 
concussion and aural and visual observat ions . The 
tests were run in triplicate ; the method p r oved 
sensitive and reproducible . 
Similar detonation tests with the hydrazine f u el 
mixture and fuel-solvent mixtures resulted in low 
intensity explosions in each case, with no discern-
ible difference in magnitude, with or without a 
solvent. Compatibility of the solvents with the 
fuel, therefore, was based on the criteria of 
solubility and lack of evidence of reaction. 
The results of this testing are summarized in 
Table 1. 
While this work was being conducted, screening 
tests were set up to evaluate decontamination 
methods. One of the problems was to demonstrate 
any significant differences in the cleaning 
efficiency of the various solvents. The approach 
was to start off with very simple systems which 
consisted principally of smooth, stainless steel 
surfaces. If no differences in the solvents could 
be detected, the systems were made more and more 
complex by the addition of capillary surfaces, 
crevices and elastomers until any latent differ-
ences in efficiencies of the solvents became 
apparent. This early work tended to give erratic 
and inconclusive results and did not demonstrate 
clearly any significant differences in the effi-
ciencies of the various solvents tested . The 
principal point demonstrated was that difficulties 
in the decontamination process are due principally 
to the propellants absorbed into the semi-porous 
elastomers in the systems. Therefore, a study was 
initiated to determine the rate at which contami-
nants are removed from elastomer samples. Weighed 
and measured specimens of each elastomer were 
immersed in the contaminant, either nitrogen tetrox-
ide or the hydrazine mixture, for several days and 
the weight gain recorded. After determining the 
contaminant content of each specimen, they were 
exposed to a measured quantity of the solvent under 
test. The contaminant content of the solvent was 
then determined at specified time intervals. In 
the first series of tests using nitrogen tetroxide l'R'I 
as the c~ntaminant, the solvents used were Freon~ 
Freon T~, and carbo~tetrachlorid~ the e,J..astomers 
used ~ere Teflon FEP-!Y, Teflon TFE-!Y, RuloA!9, and 
Kyna#Y. At ambient temperature, all of the solvents 
had approximately the same contaminant removal rate. 
Repetition of these experiments using gaseous nitro-
gen instead of a solvent showed approximately the 
same results. This is indicated in Figures 1, 2 and 
3. These results are presented by plotting the con-
taminants remaining in the sample, expressed in 
milligrams per square centimeter of surface, against 
time on a semi-log scale. The significant factor is 
the slope of these curves, which represents the rate 
of nitrogen tetroxide removal. The starting points 
differ due to differences in the initial amounts of 
contaminant absorbed on each sample specimen. Simi-
lar runs with the hydrazine mixture and the synthetic 
rubber elastomer used in the fuel side of the system 
gave similar results, as illustrated in Figure 4. 
The essentially straight-line relationship of these 
plots indicates that the amount of material removed 
from the elastomers per unit time is proportional 
to the amount present at that time. The removal of 
contaminants, then, follows a familiar first order 
reaction relationship. This relationship can be 
expressed by the equation: 
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-de 
dt k·c 
where: c concentration of contami-
nant in the elastomer 
( 1) 
t time 
k 
-dc/dt 
a constant 
the rate the concentration 
in the elastomer decreases 
Integration of this equation between the limits 
of concentration c1 at time t1 and concentration 
cz at time t2 yields the equation 
( 2) 
where K velocity constant or specific 
rate constant 
These specific rate or velocity constants can be 
calculated for this data. This specific decon-
tamination rate constant should be a specific 
characteristic, then, of each solvent with a 
particular elastomer. 
The order of magnitude of the rate constants for 
all of the solvents and gaseous nitrogen was found 
to·be about the same under the same conditions. 
This similarity is indicated by the similar slopes 
of the plots. This suggests that the removal rate 
of the contaminants from the elastomers is essen-
tially independent of the solvent environment. 
Figure 4 also illustrates the increase in decon-
tamination rate caused by increasing the tempera-
ture. These data are for the removal of fuel 
mixture from a sample of rubber in methanol at 25°c 
and 65°c. This temperature dependence of the 
decontamination rate is a general relationship. 
Figure 5 illustrates the increase in the decontam-
ination rate constant with temperature increase 
for the oxidizer from an elastomer in gaseous 
nitrogen. 
Results, such as those discussed here, indicated 
that developmental efforts should be concentrated 
on devising a procedure based upon raising the 
temperature of the system within acceptable limits 
while purging with an inert gas or vapor to remove 
the release contaminants from the system. 
This work demonstrated that this was most readily 
accomplished by vaporizing a fluid through the 
system, since the latent heat of vaporization as 
well as the sensible heat is available to allow 
uniform heating throughout the system. 
Because of the importance of reducing the total 
quantities of solvent required at the work site 
or the launch area, it seemed desirable to devise 
methods of removing the contaminants from the 
effluent solvent stream and recycling the regen-
erated solvent. Several methods were evaluated 
which offer possibilities of success. Procedures 
which seem most suitable for this use are based 
upon passing the used, contaminated solvent 
through adsorption columns. This recommendation 
is based upon simplicity of equipment require-
ments and reliability of operation. Hydrazine 
and unsymmetrical dimethylhydrazine may be 
remov ed efficiently from inert solvents by passing 
them t h rough an ads orption column which has been 
packed with a cation exchange resin . Figur e 6 
illustrates the breakthrough curve for this pro-
cedure. Nitrogen tetroxide can be removed effec-
tively from inert solvents by passing them through 
an adsorption column which has been packed with 
water-swollen and caustic-treated silica gel . 
Figure 7 illustrates the breakthrough curve for 
this method . 
Phase II 
The object of t h e work of this phase was to evaluate 
the methods developed in Phase I. 
Laboratory work indicated that a decontamination 
procedure utilizing a vapor purge would have advan-
tages over a liquid flush method using the same 
solvents . Therefore, a series of tests was set up 
to compare these two methods on a sub-scale test 
unit. 
The test unit consis ted of : 
(1) a test vessel , f abricated of titanium, approxi-
mately 1/20 t h e size o f a n Apollo service 
module propellant t ank; associated piping of 
stainless steel; appropriate soft-part samples . 
(2) the decontamination equipment necessary to 
store, transfer, circulate, vaporize, condense 
and regenerate the solvent; provisions for 
drying with gaseous nitrogen; suitable instru-
mentation to measure temperature , pressure and 
the contaminant level of the exit gas and 
effluent solvent . 
Figures 8, 9 and 10 illustrate t his test unit. 
Twelve tests were made in which the system was first 
contaminated with the hydrazine mixture fuel, then 
decontaminated by liquid flushing or vapor phase 
purging. The solvents used were methanol and 
n-propanol. 
Ten test s were made in which the system was contam-
inated with nitrogen tetroxide, then decontaminated 
by liquid flushing or vapor~hase purgin~ The 
solvents used were Freon 1'1}\tYand Freon T~. 
In each case , the liquid flushing procedures used 
were made to simulate as closely as possible those 
methods currently being used on the Apollo propul-
s i on systems. This enabled us to establish a bench 
ma rk for comparison. 
In the liquid flush tests, the system was filled 
with solvent and then allowed to soak for one hour. 
Eighteen gallons of solvent were used. 
I n t he vapor phase purging tests, eight gallons of 
solven t were vaporized under 10 PSIG pressure and 
passed through the test unit over a 16-minute period. 
In all cases , after this decontamination period, the 
system was purged with a moderate flow of nitrogen 
(one test vessel volume per minute). The concentra-
tion of contaminant in the gas was then measured at 
suitable time interva ls . This measurement was made 
by wet chemical analy sis of samples obtained by a 
scrub ber method sin ce t his technique proved more 
accurate and reliab le than instrumental methods. 
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The results of these tests are shown in Figur e 11 
(decontamination of a fuel system using methanol ) 
and Figure 12 (decont~mination of an oxidizer 
system using Freon~ . The latter figure also 
includes the results of one vapor phase run in 
which the procedure was modified . In this run, 
the pressure of the vapor phase purge was not held 
at a constant 10 PSIG but was c ycled or pulsed 
between 45 PSIG and 5 PSIG . This pulsing further 
reduced the contamination level of the system . 
Discussion 
The propellants are not appreciably adso rbed on 
the metallic surfaces of the propulsion system. 
Most of the tenacious residual contamination is 
held within the elastomers and soft parts. The 
rate at which the contaminant is r eleased from 
these elastomers is independen t of the environ-
ment at a given temperature an d pressure . No 
significant differences were noted in the effi-
ciencies of the various solvents tested in remov-
ing the contaminants. Tempera ture is the maj or 
factor detennining the decontamination rate. Th is 
rate was found to just about double for every 15°c 
increase in temperature . Heat may be introduced 
into the system by the vapors of a boiling solvent. 
This is a rapid, convenient method which is easily 
controlled within the system limits . The advan-
tages of the vapor phase method are that the 
system is heated univonnly throughout and the 
surfaces are washed with a flowing film of 
condensed solvent. 
In addition, the test data indicate that in 
comparison ~ith liquid flushing , the vapor phase 
procedure reduces contamination to a lower level, 
and requires less time, less solvent, and less 
nitrogen. 
Table 1 - SOLVENTS USED IN THE SCREENING TESTS 
Service ComEatibilitl Tests 
Solvent Oxidant Fuel ProEellant Elastomer 
Tribromof luoromethane x Compatible Failed 
Trichlorof luoromethane (Freon ~ x Both Compatible Compatible 
Dibromodifluoromethane x Compatible 
Difluorotetrachloroethane (Freon 11~ Mixed~omer x Compatible 
l,1-Dichloro-2,2,2-Trifluoroethane (Freon 12 x Compatible 
l,l-Dibromo-2,2,2-Trifluoroethane x Compatible Failed 
l,2-Dibromo-1,2,2-Tetrafluoroethane x 1,1,2-Trichloro-1,2,2-Trifluoroe~ne (Freon T~ x x Both Compatible Compatible 
Perfluorocyclobutane (Freon C-31 x Compatible 
Perf luor~imethylcyclobutane x Compatible 
Freon E- x x Compatible Compatible 
Dibromochloromethane x Failed 
Methylene Chloride x Compatible 
Chloroform x x Both Compatible 
Bromochloromethane x x Failed (ox) Compatible 
Jo-l 
Compatible (fuel) 
.,j::i.. Carbon Tetrachloride x Compatible Compatible I 
.,j::i.. Bromodichloromethane x Compatible Failed 
1,1,1-Trichloroethane x Failed 
Trichloroethylene x Failed 
Tetrachloroethylene x Failed 
Methylene Bromide x Failed 
Formamide x 
Methanol x Compatible Compatible 
Ethanol x Compatible Compatible 
Acetone x Compatible Failed 
2,2-Dichloro-1,1-Difluoromethyl ethyl ether x Failed Failed 
n-Propanol x Compatible Compatible 
Isopropanol x Compatible Compatible 
Pentane x Failed 
Benzene x Failed 
Cyclohexane x Failed 
Hexane x Failed 
Isa-octane x Failed 
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Figure 1. 
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DECONTAMINATION RATE OF AEROZINE-50 FROM STILLMAN 
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